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Abstract 
Globally, the urbanization causes land use change and it results in decreasing the vegetation cover 
and increasing the Land Surface Temperature (LST). So the balance of environment is being 
destroyed. In this research, change of Land Use and Land Cover (LULC), Normalized Difference 
Vegetation Index (NDVI) and Land Surface Temperature (LST) of the Gazipur District, 
Bangladesh from 2000 to 2021 were identified by analyzing Landsat 5 and Landsat 8 imageries 
with Google Earth Engine and ArcGIS tool. The results showed that deep forest area, water bodies 
and agricultural land were reduced from 14.48% to 10.13%, from 15.35% to 13.21% and from 
25.54% to 21.1%, respectively. Light forest area and built-up area were increased from 40% to 
47.18% and 4.58% to 8.4%, respectively, within the timeframe. Average NDVI was increased 
from 0.350 to 0.576. However, average minimum LST was increased by 1.044°C, average 
maximum LST was increased by 2.498°C and average mean LST was increased by 1.014°C from 
2000 to 2021. The results showed a significant relationship between the growth of urban built-up 
and rising LST. Upazila with the most urban expansion, such as Sreepur and Kaliakair, exhibited 
the highest LST increases. A strong correlation was found between built-up area changes and 
maximum temperature (r = 0.98), and a moderate correlation with mean temperature (r = 0.72), 
highlighting the impact of urbanization on local temperature extremes. This research can help 
conserve the forest land, water bodies and agricultural land and facilitate the policy makers in 
sustainable and climate friendly city planning in Bangladesh.   
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mvigg©: wek¦e¨vcx bMivqb f‚wgi e¨envi‡K cwieZ©b K‡i, hvi d‡j MvQcvjvi cwigvb n«vm cvq 
Ges f‚wg¯’ ZvcgvÎv e„w× cvq| G‡Z cwi‡e‡ki fvimvg¨ webó nq| GB M‡elYv j¨vÛm¨vU-5 Ges 
j¨vÛm¨vU-8 †_‡K M„nxZ B‡g‡Ri gva¨‡g 2000 I 2021 Gi g‡a¨ evsjv‡`‡ki MvwRcyi †Rjvi 
f‚wgi e¨envi I f‚wgi Av”Qv`b, bigvjvBR&W wWdv‡iÝ †fwR‡Ukb Bb‡W· (GbwWwfAvB) Ges 
f‚wg¯’ ZvcgvÎv (GjGmwU) cwieZ©b wba©viY K‡i| G‡Z ¸¸j Av_© Bwb&Rb I AvK© wRAvBGm 
e¨envi Kiv n‡q‡Q| M‡elYvq †`Lv †M‡Q Mfxi ebvÂj, Rjvf‚wg Ges K…wlf‚wg h_vµ‡g 14.48% 

†_‡K 10.13%, 15.35% †_‡K 13.21% Ges 25.54% †_‡K 21.1% n«vm †c‡q‡Q| Ab¨w`‡K, 
Ae¶wqZ eb Ges wbwg©Z GjvKv h_vµ‡g 40% †_‡K 47.18% Ges 4.58% †_‡K 8.4% e„w× 
†c‡q‡Q| Mo GbwWwfAvB 0.350 †_‡K 0.576 e„w× †c‡q‡Q| hvB‡nvK, 2000 †_‡K 2021 ch©šÍ 
Mo b¨~bZg ZvcgvÎv 1.0440†m, Mo me©vwaK ZvcgvÎv 2.4980†m Ges Mo ZvcgvÎv e„w× †c‡q‡Q 
1.0140†m | M‡elYvi djvdj kû‡i wbwg©Z GjvKvi e„w× I e„w×cÖvß GjGmwU Gi mv‡_ GKwU 
¸iæZ¡c~Y© m¤úK© Lyu‡R cvq| me‡P‡q †ekx e„w×cÖvß kû‡i GjvKvhy³ Dc‡Rjv, we‡kl K‡i kÖxcyi I 
Kvwjqv‰Ki G GjGmwU me‡P‡q †ekx e„w× †c‡q‡Q| wbwg©Z GjvKvi cwieZ©b Gi mv‡_ me©vwaK 
ZvcgvÎvi GKwU kw³kvjx cvi¯úwiK m¤úK© (r=0.98), Ges Mo ZvcgvÎvi mv‡_ GKwU gvSvwi 
m¤úK© (r=0.72) cvIqv †M‡Q| d‡j ̄ ’vbxq Pig ZvcgvÎvi mv‡_ bMivq‡bi GKwU cÖfve cwijwÿZ 
nq| GB M‡elYvi djvdj ebf‚wg, Rjvf‚wg Ges K…wlf‚wg msi¶‡Y Kv‡R jvM‡e Ges evsjv‡`‡ki 
†UKmB I Rjevqy mnvqK bMi cwiKíbv m¤úwK©Z bxwZ wba©viK‡`i mn‡hvMxZv Ki‡e| 

 

1. Introduction 
Urbanization is one of the crucial causes of land use changes (LUC) in the third world 
countries in recent years. Natural vegetation area is being converted into disturbed 
vegetation area and then into built-up area by human activities [1]. Cities in many 
different countries are becoming warmer than their surroundings due to decreasing 
the water bodies and vegetation cover [2-4]. Concrete surfaces, air conditioning, and 
other heat-producing activities are the causes of urban heat island. Thus the cities are 
becoming Heat Islands [5-7]. 
As LULC causes changes in rainfall, temperature of air and soil surface, urbanization 
is changing the climate. Urbanization reduces the vegetation covers, water bodies, 
and agricultural lands thus the temperature of the earth is rising which result in global 
warming [8]. Globally, temperature of the earth surface is positively correlated with 
the urbanization [9].  
As Bangladesh is densely populated country, urbanization is taking place rapidly. 
Forests are being cleared, factories are being set up on agricultural land around the 
cities, new riverbeds are being encroached upon in Bangladesh [10]. In Bangladesh, 
different development activities are taking place relentlessly, i.e., bridge 
construction, expressway construction, railway line and station construction, new 
universities establishment, sea-port and airport establishment, rehabilitation project, 
etc. Every man-made activities create a particular range of radiation and result in 
concentrated radiated zone [6]. Population growth and economic development caused 
a huge urbanization by encroaching surrounding vegetation covered hilly areas of the 
Chattogram City in Bangladesh [11]. Urbanization changes the heat or energy budget 
which increase the Land Surface Temperature (LST). For example, LST increased 
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which increase the Land Surface Temperature (LST). For example, LST increased 

by 0.15°C in Winter and 0.24°C in Summer per year in Chattogram city, Bangladesh 
from 1993 to 2000 [12]. 
Previously, Hassan and Nazem [11], and Imran et al. [12] for  Chattogram City; 
Dewan and Yamaguchi [13], and Imran et al. [14] for Dhaka city studied the LULC. 
Rafa et al. [15], Patwary and Rahman [16], Nath [17] and Shahidul Islam et al. [18] 
studied on NDVI of  Sitakunda Botanical Garden and Eco-park in Chattogram, 
Dhaka City, Bandarban Hill Tracts and Chittagong Hill Tracts in Bangladesh, 
respectively. And Abir et al. [19], Hasnat [20], Imran et al. [12], Imran et al. [14], 
Shahidul Islam et al. [18] studied on LST of Bogura, Dudpukuria-Dhopachari 
Wildlife Sanctuary, Chattogram City, Dhaka City and Chittagong Hill Tracts in 
Bangladesh. However, there is a knowledge gap of LULC, NDVI and LST in Gazipur 
district of Bangladesh.  
Urbanization is increasing by converting the vegetation cover, water bodies, hilly 
area, and agricultural land into built-up area in Bangladesh. Thus, the land use and 
land cover is changing [10, 11, 13]. In most of the areas, the Normalized Difference 
Vegetation Index (NDVI) is decreasing that means the vegetation covers is 
decreasing. However, in some regions, vegetation cover is increasing due to proper 
management [21, 22]. The growing urban and transportation areas, the burning of 
fossil fuels in various industries, the reduction of vegetation cover, the alteration in 
cropping practices, and other factors are all contributing to the daily rise in LST [23, 
24]. Mean LST has increased by 0.62°C in the last 20 years in Bogura, Bangladesh 
[19], 7.7°C from 1990 to 2020 in Dudpukuria-Dhopachari Wildlife Sanctuary, 
Bangladesh [20], 0.15°C (in Winter) and 0.24°C (in Summer) per year from 1993 to 
2020 in Chattogram City, Bangladesh [12], 0.24°C per year from 1993 to 2020 in 
Dhaka City Bangladesh [14]. The research question of this study was: “Is there any 
changes in LULC, NDVI and LST in Gazipur district between 2000 and 2021?” The 
study hypothesized that within the timeframe from 2000 to 2021, Gazipur district 
gained substantial urbanization and experienced a temperature increase. With this 
hypothesis, the study was undertaken to identify the changes of LULC, NDVI and 
LST in Gazipur district between 2000 to 2021. The findings of the study will be 
useful to the land use planners in Bangladesh.  
2. Methodology 
2.1 Selection of the study area 
Gazipur district under Dhaka division, Bangladesh was selected as the study area. As 
Gazipur district is at the vicinity of the capital city of Dhaka, there may be significant 
urbanization trends there. It was hypothesized that the urbanization trends influenced 
the changes of several land uses, changed the Normalized Difference Vegetation 
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Index (NDVI) and Land Surface Temperature (LST) over 2000 and 2021. For this 
reason, Gazipur district was selected for the study (Figure 1).  

Figure 1. Study area (Gazipur district) in Bangladesh. 
2.2 Description of the study area 
Gazipur district is located at the north of the capital city of Dhaka, Bangladesh. It is 
surrounded by the Kishoreganj and Mymensingh districts on the north, the Narsingdi 
district on the east, the Narayanganj and Dhaka districts on the south, and the Tangail 
district on the west [25]. The geographic position of the district is between 23˚53ˊN 
and 24˚20ˊN and between 90˚09ˊE to 90˚42ˊE  [25] as shown in the figure 1. The 
total land of the district is 1806.36 km2. Of the total area, 17.53 km2 is riverine and 
273.42 km2 is forested [25]. Annual maximum average temperature is 36°C and 
minimum average temperature is 12.7°C with annual precipitation 2376 mm [25]. 
The district comprises 1 city corporation named Gazipur City Corporation, 4 
Municipalities named Kaliakair, Tongi, Kaliganj and Sreepur. The district belongs to 
five upazilas named Gazipur Sadar, Kapasia, Kaliakair, Sreepur and Kaliganj. It 
comprises of 44 unions, 762 mauzas and 1,114 villages [25]. Different rivers such as 
old Brahmaputra, Balu, Turag, Shitalakshya, Banar and Bangshi flow through this 
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district [26]. The total population of the district is 34,03,912 from which males are 
17,75,310 and females are 16,28,602, and the ratio of them is 109:100, growth rate 
is 5.21% per year with population density 1884 km-2 [25]. There are 31 Mahallas and 
9 wards in the Gazipur town. With 1,23,531 residents, the town has a 49.32 km2 area. 
There are 2505 people per square kilometer in the district [25]. 
Oryza sativa, Brassica nigra, Corchorus sp., Capsicum frutescens, Arum sp., 
Curcuma longa, Zingiber officinale, Saccharum officinarum etc. are main crops and 
Mangifera indica, Litchi chinensis, Carica papaya, Rubus allegheniensis, 
Artocarpus heterophyllus, Ananus comosus, Psidium guajava, Averrhoa carambola, 
Arecaceae sp., Ziziphus mauritiana, Carissa carandas, Limonia acidissima and 
Tarmarindus indica, etc. are the main fruits of this district  [26, 27]. About 42.74% 
of 538597 holdings are carrying out agricultural activities and produce above 
mentioned crops and fruits [25]. Some non-farming activities also earn revenues in 
this district [28]. The physiographic pattern of this area is known as Madhupur Jungle 
tract (Bhawal Gar), some area covered by low rounded hills and shallow bides 
(valleys) [29]. Boro, aman, aus are grown largely and jute, mesta, mustard, sesame, 
pineapple, sugarcane, jack fruit are cultivated around all areas of this district except 
town areas [26]. Around 80% of the Madhupur tract area is covered by coppice sal 
(Shorea robusta), Garjan (Dipterocarpus turbinatus) along with Sheel Koroy 
(Albizia procera), Kadam (Anthocephalus cadamba), Black Berry (Syzygium 
cumini), etc. [30]. The central canopy comprises of Bahera (Terminalia bellirica), 
Neem (Azadirachta indica), Banian tree (Ficus benghalensis), Kanchan (Bauhinia 
variegata), Jarul (Legerstroemia speciosa), Sonalu (Cassia fistula), Ashwatha (Ficus 
religiosa) Minjiri (Cassia siamea), Haritaki (Terminalia chebula), Amra (Spondias 
mangifera), Kumbhi (Careya arborea), Ajuli (Dillenia pentagyna), and Mango 
(Mangifera indica) [30]. The wild animals found in this area are Rhesus monkey 
(Macaca mullata), Hispid hare (Caprolagus hispidus), Wild boar (Sus scrofa), Jungle 
cat (Felis chaus), South asian porcupine (Hystrix indica), Flying fox (Pteropus 
giganteus), Jackal (Canis aureus), Fruit bat (Cynopterus sphinx), Asian house shrew 
(Sorex myosurus) Common otter (Lutra perspicillata), Mongoose (Herpestes 
edwardsi), House mouse (Mus musculus), Common house rat (Bandicota 
bengalensis), etc. [31]. 
 2.3 Methods 
Remotely sensed satellite imageries were extracted from the Landsat-5 and landsat-
8 satellites. Satellite imageries were extracted from the Google Earth Engine (GEE) 
cloud storage of Landsat collections provided by the United States Geological Survey 
(USGS). Imageries were filtered by using date filter and cloud cover filter to generate 
cloud free time specific imageries and reprocessed for Normalized Difference 
Vegetation Index (NDVI), Land Surface Temperature (LST) and Land Use and Land 
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religiosa) Minjiri (Cassia siamea), Haritaki (Terminalia chebula), Amra (Spondias 
mangifera), Kumbhi (Careya arborea), Ajuli (Dillenia pentagyna), and Mango 
(Mangifera indica) [30]. The wild animals found in this area are Rhesus monkey 
(Macaca mullata), Hispid hare (Caprolagus hispidus), Wild boar (Sus scrofa), Jungle 
cat (Felis chaus), South asian porcupine (Hystrix indica), Flying fox (Pteropus 
giganteus), Jackal (Canis aureus), Fruit bat (Cynopterus sphinx), Asian house shrew 
(Sorex myosurus) Common otter (Lutra perspicillata), Mongoose (Herpestes 
edwardsi), House mouse (Mus musculus), Common house rat (Bandicota 
bengalensis), etc. [31]. 
 2.3 Methods 
Remotely sensed satellite imageries were extracted from the Landsat-5 and landsat-
8 satellites. Satellite imageries were extracted from the Google Earth Engine (GEE) 
cloud storage of Landsat collections provided by the United States Geological Survey 
(USGS). Imageries were filtered by using date filter and cloud cover filter to generate 
cloud free time specific imageries and reprocessed for Normalized Difference 
Vegetation Index (NDVI), Land Surface Temperature (LST) and Land Use and Land 

Cover Change (LULC). Inputting the shape file of Gazipur District in Google Earth 
Engine, JavaScript code for NDVI, LST and LULC during 2000 and 2021 were 
imposed for the analysis. Time series data from 2000 to 2021 were analyzed for 
NDVI and LST (Figure 2). Field data was collected by visiting different areas of 
Gazipur district to trace out the actual situation of those areas. Specifically, spatial 
data for five LULC classes, i.e., agricultural land, built-up areas, deep forests, light 
forests, and water bodies were collected during the field survey. These data were used 
to extract the optical reflectance characteristics of each LULC class, which were then 
employed for supervised LULC classification and validation.  
 

 
Figure 2. Methodological flowchart of the study. 

By using ArcGIS 10.8, extracted map from Google Earth Engine was prepared for 
final analysis. The scale of the map was maintained as 1:400000.  
2.3.1 Land Use and Land Cover (LULC) 
In Google Earth Engine, the land use and cover was classified into five categories 
according to the table below (Table 1). 
Table 1. Land use classification in the Gazipur district of Bangladesh. 

Land cover 
types Description 

Agricultural 
Land 

Land applied for agriculture, paddy field, vegetables and 
fruits, other cultivable land 

Built-up Area All manipulated land, including roads, highway, parks, 
industrial, residential, commercial, and other infrastructures 

Deep Forests Forests with continuous vegetation and large trees 
Light Forests Homestead garden, forests with scattered vegetation, bush 

and shrubs 
Water Bodies Permanent water bodies, lakes, pond and reservoirs, ditches, 

wetlands, inundated low-lying areas, swampy land and aqua 
fishing. 

 

The LULC areas were identified by training and classifying satellite imagery based 
on the generated training samples for each land cover category. The samples were 
divided into two sets, 70% for training and 30% for validation. The Random Forest 
(RF) algorithm was employed to classify the LULC in the study area using the 70% 
training set. Validation of the classifier's accuracy was conducted using the 30% 
validation samples and an error matrix generated in GEE. The overall accuracies of 
land use classification for 2000 and 2021 were 0.93 and 0.99. While the Kappa 
statistics of the same years were 0.90 and 0.99. Different colors were assigned for 
Agricultural Land, Built-up Area, Deep Forests, Light Forests and Water Bodies. The 
processed map of Land Use and Land Cover was extracted from Google Earth Engine 
and processed in ArcGIS 10.8 for final mapping. By using land use conversion 
matrix, areas of different categories were calculated.  
2.3.2 Normalized Difference Vegetation Index (NDVI) 
NDVI value ranges from -1 to +1. NDVI value between -1 to 0 represent inanimate 
object and near 1 represent very healthy vegetation and vice-versa. 
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It is applied for quantifying greenness of vegetation, vegetation density, changes in 
vegetation health. And it is calculated as a ratio between the red (R) and near infrared 
(NIR) values as seen in the formula (i), (ii) and (iii) : [32, 33] 

𝑁𝐷𝑉𝐼 = 𝑁𝐼𝑅 − 𝑅𝑒𝑑
𝑁𝐼𝑅 + 𝑅𝑒𝑑 − − − − − − − − − −(𝑖) 

 
In Landsat 5, [34, 35] 

 
𝑁𝐷𝑉𝐼 = 𝐵𝑎𝑛𝑑4 − 𝐵𝑎𝑛𝑑3

𝐵𝑎𝑛𝑑4 + 𝐵𝑎𝑛𝑑3 − − − − − − − − − (𝑖𝑖) 

 
In Landsat 8, [36] 

𝑁𝐷𝑉𝐼 = 𝐵𝑎𝑛𝑑5 − 𝐵𝑎𝑛𝑑4
𝐵𝑎𝑛𝑑5 + 𝐵𝑎𝑛𝑑4 − − − − − − − − − (𝑖𝑖𝑖) 

 
2.3.3 Land Surface Temperature (LST) 
Imageries of Landsat 5 TM, following formula, (iv) to (vii), were used: [37, 38] 

a. Conversion of Digital Number to Radiance 
𝐿� = 𝐺𝑟𝑒𝑠𝑐𝑎𝑙𝑒 𝑄𝐶𝐴𝐿 + 𝐵𝑟𝑒𝑠𝑐𝑎𝑙𝑒 − − − − − − − −(𝑖𝑣) 

Which is also expressed as 

𝐿�  =  � 𝐿𝑀𝐴𝑋� − 𝐿𝑀𝐼𝑁�
𝑄𝐶𝐴𝐿𝑀𝐴𝑋 − 𝑄𝐶𝐴𝐿𝑀𝐼𝑁� (𝑄𝐶𝐴𝐿 − 𝑄𝐶𝐴𝐿𝑀𝐼𝑁) + 𝐿𝑀𝐼𝑁� − − − − − −

− −(𝑣) 
Here,  
𝐿� = Spectral radiance at the sensor’s aperture of satellite (Watts/ (m2*sr*)) 
Grescale = Rescaled gain (the data product "gain" carried in ancillary data record or 
product header of Level one) in (Watts/(m² x sr x µm))/DN 
𝑄𝐴𝐿 = Calculated calibration value of pixel (in DN) 
𝐿𝑀𝐼𝑁� = Spectral radiance scaled to QCALMIN in (Watts/ (m2 x sr)) 
𝐿𝑀𝐴𝑋� = Spectral radiance scaled to QCALMAX in (Watts/ (m2 sr)) 
QCALMIN  = Minimum quantized calibrated pixel value (corresponding to 
𝐿𝑀𝐼𝑁�) in DN 

= 1 for level 1 Product Generation System (LPGS) 
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Which is also expressed as 

𝐿�  =  � 𝐿𝑀𝐴𝑋� − 𝐿𝑀𝐼𝑁�
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− −(𝑣) 
Here,  
𝐿� = Spectral radiance at the sensor’s aperture of satellite (Watts/ (m2*sr*)) 
Grescale = Rescaled gain (the data product "gain" carried in ancillary data record or 
product header of Level one) in (Watts/(m² x sr x µm))/DN 
𝑄𝐴𝐿 = Calculated calibration value of pixel (in DN) 
𝐿𝑀𝐼𝑁� = Spectral radiance scaled to QCALMIN in (Watts/ (m2 x sr)) 
𝐿𝑀𝐴𝑋� = Spectral radiance scaled to QCALMAX in (Watts/ (m2 sr)) 
QCALMIN  = Minimum quantized calibrated pixel value (corresponding to 
𝐿𝑀𝐼𝑁�) in DN 

= 1 for level 1 Product Generation System (LPGS) 

= 1 for National Land Archive Product System (NLAPS) 
[processed after 04/04/2004] 

= 0 for NLAPS [Products processed before 04/05/2004] 
𝑄𝐶𝐴𝐿𝑀𝐴𝑋 = Maximum quantized calibrated pixel value (corresponding 
to 𝐿𝑀𝐴𝑋�) in DN  
= 255 

b. Radiance to Reflectance  

𝜌� = 𝜋𝐿�𝑑�

𝐸𝑆𝑈𝑁�𝑐𝑜𝑠𝜃𝑠
− − − − − − − −(𝑣𝑖) 

𝜌� = Unitless planetary reflectance 
𝜋 = Mathematical constant approximately equal to 3.14159 
𝐿� = Spectral radiance at the sensor’s aperture 
𝑑 = Earth-Sun distance in astronomical units interpolated from values 
𝐸𝑆𝑈𝑁�= Mean solar exo-atmospheric irradiances 
𝜃𝑠= Solar zenith angle in degrees 
c. Spectral Radiance into TOA Brightness Temperature (in Kelvin) 

𝑇 = 𝐾�

ln(𝐾1
𝐿�

+ 1)
− − − − − − − −(𝑣𝑖𝑖) 

Here, 
𝑇 = Effective at-satellite temperature in Kelvin 
𝐾� = Calibration constant 2 
𝐾1 = Calibration constant 1 
𝐿� = Spectral radiance in (Watts/ (m2*sr*)) 

d. Conversion of degree Kelvin into degree Celsius 
C = T - 273.15 
C = temperature in degree Celsius 
The LMINs and LMAXs are corresponding of how data products of the output 
Landsat ETM+ Level 1 are scaled in radiance units. The LMIN represents to the 
radiance at the minimum quantized and calibrated data DN (QCALMIN), which is 
typically "1" or "0" and LMAX represents the radiance at the maximum quantized 
and calibrated data DN (QCALMAX), typically "255". 
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= 1 for National Land Archive Product System (NLAPS) 
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Here, 
𝑇 = Effective at-satellite temperature in Kelvin 
𝐾� = Calibration constant 2 
𝐾1 = Calibration constant 1 
𝐿� = Spectral radiance in (Watts/ (m2*sr*)) 

d. Conversion of degree Kelvin into degree Celsius 
C = T - 273.15 
C = temperature in degree Celsius 
The LMINs and LMAXs are corresponding of how data products of the output 
Landsat ETM+ Level 1 are scaled in radiance units. The LMIN represents to the 
radiance at the minimum quantized and calibrated data DN (QCALMIN), which is 
typically "1" or "0" and LMAX represents the radiance at the maximum quantized 
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For Landsat 8 TM imageries, the formula, (viii) to (xi), mentioned below were used: 
[39, 40] 

a. Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS) at 
Sensor Spectral Radiance: 

Images were operated in absolute radiance unit using 32-bit floating point 
calculations. The values were converted to 16-bit integer values in the finishing Level 
1 product. With the use of the radiance scaling factors provided in the metadata file, 
they can then be converted to spectral radiance. 

𝐿� = 𝑀𝐿 ∗ 𝑄𝑐𝑎𝑙 + 𝐴𝐿 − − − − − − − −(𝑣𝑖𝑖𝑖) 
Where:  

𝐿� = Spectral radiance (W/(m2 * sr * μm))  
𝑀𝐿 = Radiance multiplicative scaling factor for the band 

(RADIANCE_MULT_BAND_n from the metadata) 
 𝐴𝐿 = Radiance additive scaling factor for the band 

(RADIANCE_ADD_BAND_n from the metadata)  
𝑄𝑐𝑎𝑙 = Level 1 pixel value in DN 

b. Operational Land Imager (OLI) TOP of Atmosphere Reflectance:  
The sixteen-bit integer values in product of the Level can also be transformed to 
reflectance TOA, similarly to the conversion to radiance. The Level 1 DN readings 
are converted to reflectance of TOA using the equation below. 

𝜌�
� =  𝑀𝜌 ∗  𝑄𝑐𝑎𝑙 + 𝐴𝜌 − − − − − − − −(𝑖𝑥) 

Where 
𝜌�

�  = planetary Spectral Reflectance of TOA, without taking the solar angle 
into account (without unit) 

𝑀𝜌 = multiplicative scaling factor for the band of Reflectance 
(REFLECTANCEW_MULT_BAND_n of the metadata) 
𝑄𝑐𝑎𝑙 = Level 1 value of pixel (in DN) 
𝐴𝜌 = scaling factor for the band of Reflectance additive 
(REFLECTANCE_ADD_BAND_N of the metadata). 

Note that: 𝜌�
�  is not true TOA Reflectance, since the solar elevation angle is not 

corrected for in TOA Planetary Spectral Reflectance. On the users' request, this 
correction factor is not included in the Level 1 scale; while some users like to 
compute their own per-pixel solar elevation angle throughout the scene, others are 

happy with the scene-center solar elevation angle provided in the metadata. After 
selecting a solar elevation angle, the conversion to actual  

c. TOA Reflectance: 

𝜌� = 𝜌�
�

cos (𝜃𝑆�) =  𝜌�
�

sin(𝜃𝑆𝐸) − − − − − − − −(𝑥) 

𝜌� = planetary reflectance of TOA 
𝜃𝑆𝐸= sun elevation angle at local; the metadata contains the scene center sun 
elevation angle expressed in degrees.  
𝜃𝑆�= solar top angle at local; 𝜃𝑆� = 90° - 𝜃𝑆𝐸 

d. Thermal Infrared Sensor (TIRS) Top of Atmosphere Brightness 
Temperature 

𝑇 = 𝐾�

ln(𝐾1
𝐿�

+ 1)
− − − − − − − −(𝑥𝑖) 

Where:  
T = Top of atmospheric brightness temp. in Kelvin (K) where:  
𝐿�= TOA spectral radiance (Watts/ (m2 * srad * μm))  
𝐾1 = Band-specific thermal conversion constant from the metadata 
(K1_CONSTANT_BAND_x, where x is the thermal band number)  
𝐾� = Band-specific thermal conversion constant from the metadata 
(K2_CONSTANT_BAND_x, where x is the thermal band number) 

3. Results and Discussion 
3.1 LULC for 2000 and 2021 
Land use was classified into five categories i.e. deep forests, light forests, water body, 
agricultural land and built-up area to estimate land use and land cover (LULC) change 
of Gazipur district. Among all the land uses in the Gazipur District, maximum 
agricultural land was found in the Sreepur Upazila followed by Gazipur Sadar in 
2000 (Figure 3). From all the parts of the district, agricultural land was decreased 
from 2000 to 2021, but along the bank of Shitalakshya River in Kapasia, it slightly 
increased in the same time frame. Among all the landuses, total amount of 
agricultural land had decreased in the district from 2000 to 2021. Built-up area were 
increased mostly in the western parts of Gazipur i.e. Gazipur sadar, Kaliakair and 
Sreepur. But it was decreased in Kapasia and Kaliganj. 
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agricultural land was found in the Sreepur Upazila followed by Gazipur Sadar in 
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from 2000 to 2021, but along the bank of Shitalakshya River in Kapasia, it slightly 
increased in the same time frame. Among all the landuses, total amount of 
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Figure 3. Land use class distribution in Gazipur district of Bangladesh. 

Deep forest area decreased all over the district. The decreasing rate was high in 
Kapasia and Kaliganj Upazila, moderate in Kaliakair and Gazipur Sadar and low in 
Sreepur. Light forest area was increased in all areas except Sreepur. 
Land use distributions were estimated based on upazila sections. It was found that 
deep forest area was reduced in all the Upazila from 24076 ha to 16858 ha during 
2000 to 2021 (Table 2). Among all the land uses, deep forests were 14.48% in 2000 
and it reduced to 10.13% in 2021. Light forests area was increased in four upazilas 
and reduced only in Sreepur. 
Table 2. Land use distribution in the Upazila of Gazipur district of Bangladesh. 
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Figure 3. Land use class distribution in Gazipur district of Bangladesh. 

Deep forest area decreased all over the district. The decreasing rate was high in 
Kapasia and Kaliganj Upazila, moderate in Kaliakair and Gazipur Sadar and low in 
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Land use distributions were estimated based on upazila sections. It was found that 
deep forest area was reduced in all the Upazila from 24076 ha to 16858 ha during 
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Total light forest area was increased by 11809 ha from 2000 to 2021. In 2000, light 
forest area was 40% and it was increased up to 47.18% in 2021. Area of water bodies 
decreased alarmingly in four Upazilas but increased in Sreepur only. Total area of 
water bodies decreased by 3548 ha. Water body was 15.35% in 2000 and it became 
13.21% in 2021. Agricultural land was decreased in Gazipur sadar, Kaliakair, 
Kaliganj and Sreepur but increased in Kapasia only. It was 25.54% in 2000 and 
21.1% in 2021. So overall agricultural land was decreased by 7395 ha.  
The changes in built-up areas across Gazipur district from 2000 to 2021 reveal a 
fascinating trend of urban sprawl. The built-up area increased largely in Gazipur 
sadar, Kaliakair and Sreepur but decreased in Kaliganj and Kapasia in comparison 
with the corresponding area in 2000. Sreepur stands out with a surprising increase of 
294.8%, Kaliakair also saw significant expansion, growing by 176.0% (Figure 4). 
These rapid changes are particularly noticeable in comparing with the less growth of 
Gazipur Sadar, the district's central hub, which saw a 104.9% increase of built-up 
between the studied periods, perhaps because it has already experienced substantial 
development before. On the other hand, Kaliganj and Kapasia showed reverse trend, 
with built-up areas shrinking by 38.5% and 25.1%, respectively. This decline might 
reflect a move away from urbanization, possibly as land is repurposed for other uses 
or due to shifts in the local economy.  
 

 
Figure 4. Trend of built-up area changes between 2000 and 2021 due to 

urbanization in different upazila of Gazipur district in Bangladesh. 

During the study period, built-up area extensively spread out over time. Deep 
vegetation, water bodies abruptly decreased over the study period. The pattern of 
changing the land use and land cover is similar to studies of Vani and Prasad [1], 
Imran et al. [12], Dewan and Yamaguchi [13], Imran et al. [14], Jalayer et al. [41], 
Babalola and Akinsanola [42], Hussain et al. [43] i.e. vegetated area was 70.043% in 
Nigeria which decreased to 10.127%, built-up area increased by 190.16% in Dhaka, 
Bangladesh from 1975 to 2003, vegetation cover was decreased from 91.6% in 2000 
to 89.3% in 2020 and urbanization was increased by 4.5% at Okara, Panjab, Pakistan, 
built up area increased by 204% from 1993 to 2020 Chittagong City, Bangladesh, 
built-up area was increased by 67% from 1993 to 2020 converting the water bodies, 
bare land and vegetation cover in Dhaka City, Bangladesh, forest cover will continue 
to decrease from 29.46 % (50720.2667 ha) in 2021 to 25.67 % of area (44207.78694 
ha) in 2040 (predicted), built-up area was increased from 28.20 km2 in 1990 to 
138.01 km2 in 2018 in Vijayawada city of Andhra Pradesh state, India respectively. 
In case of water bodies, it was decreased.  
This declining pattern is similar to the studies of Vani and Prasad [1], Dewan and 
Yamaguchi [13], Jalayer et al. [41] i.e. water bodies decreased by 31.09%, in Chalus, 
Iran, 13.61% water bodies decreased from 2000 to 2021 water bodies decreased from 
87.82 km2 in 1990 to 33.72 km2 in 2018. In Gazipur, agricultural land decreased by 
17.41% during the study period and it also follows the studies of Dewan and 
Yamaguchi [13], Jalayer et al. [41] i.e. 70.32% agricultural land decreased in Dhaka 
during 1975 to 2003, 301.5% decreased in Chalus, Iran from 2001 to 2021. Light 
forest area was increased in Gazipur during the study period similar to the study of 
Rafa et al. [15] i.e. deep vegetation area expanded from 0.086 km2 to 7.56 km2 (21.8% 
increased) from, medium vegetation area expanded from 7.8 km2 to a17.31 km2 (27% 
increased) from 1995 to 2000 and From 2015 to 2020, sparse vegetation expanded 
from 20.24 km2 to 26.06 km2 (16.9% increased) at Sitakunda Botanical Garden and 
Ecopark in Chattogram, Bangladesh. 
Agricultural land was decreased by 8170 ha from 2000 to 2021. The area was 42591 
ha in 2000 and 34421 ha in 2021. Built-up area was 7125 ha in 2000 and 13660 ha 
in 2021. So this area was increased by 6535 ha. Deep forest area was 36764 ha in 
2000 and it declined to 29952 ha in 2021 by decreasing 6812 ha.  
Total light forest area was 68351 ha in 2000 and 80422 ha in 2021. It was increased 
by 12071 ha. Water bodies became 21764 ha from 25387 ha from 2000 to 2021. It 
was decreased by 3623. So agricultural area was decreased by 19.18%, deep forest 
area was decreased by 18.53% and water bodies were decreased by 14.27%. Built-
up area and light forest area were increased by 91.72% and 17.66%, respectively. So 
the rate of increasing built-up area was maximum and the rate of decreasing 
agricultural area was maximum.  
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Total light forest area was increased by 11809 ha from 2000 to 2021. In 2000, light 
forest area was 40% and it was increased up to 47.18% in 2021. Area of water bodies 
decreased alarmingly in four Upazilas but increased in Sreepur only. Total area of 
water bodies decreased by 3548 ha. Water body was 15.35% in 2000 and it became 
13.21% in 2021. Agricultural land was decreased in Gazipur sadar, Kaliakair, 
Kaliganj and Sreepur but increased in Kapasia only. It was 25.54% in 2000 and 
21.1% in 2021. So overall agricultural land was decreased by 7395 ha.  
The changes in built-up areas across Gazipur district from 2000 to 2021 reveal a 
fascinating trend of urban sprawl. The built-up area increased largely in Gazipur 
sadar, Kaliakair and Sreepur but decreased in Kaliganj and Kapasia in comparison 
with the corresponding area in 2000. Sreepur stands out with a surprising increase of 
294.8%, Kaliakair also saw significant expansion, growing by 176.0% (Figure 4). 
These rapid changes are particularly noticeable in comparing with the less growth of 
Gazipur Sadar, the district's central hub, which saw a 104.9% increase of built-up 
between the studied periods, perhaps because it has already experienced substantial 
development before. On the other hand, Kaliganj and Kapasia showed reverse trend, 
with built-up areas shrinking by 38.5% and 25.1%, respectively. This decline might 
reflect a move away from urbanization, possibly as land is repurposed for other uses 
or due to shifts in the local economy.  
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17.41% during the study period and it also follows the studies of Dewan and 
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during 1975 to 2003, 301.5% decreased in Chalus, Iran from 2001 to 2021. Light 
forest area was increased in Gazipur during the study period similar to the study of 
Rafa et al. [15] i.e. deep vegetation area expanded from 0.086 km2 to 7.56 km2 (21.8% 
increased) from, medium vegetation area expanded from 7.8 km2 to a17.31 km2 (27% 
increased) from 1995 to 2000 and From 2015 to 2020, sparse vegetation expanded 
from 20.24 km2 to 26.06 km2 (16.9% increased) at Sitakunda Botanical Garden and 
Ecopark in Chattogram, Bangladesh. 
Agricultural land was decreased by 8170 ha from 2000 to 2021. The area was 42591 
ha in 2000 and 34421 ha in 2021. Built-up area was 7125 ha in 2000 and 13660 ha 
in 2021. So this area was increased by 6535 ha. Deep forest area was 36764 ha in 
2000 and it declined to 29952 ha in 2021 by decreasing 6812 ha.  
Total light forest area was 68351 ha in 2000 and 80422 ha in 2021. It was increased 
by 12071 ha. Water bodies became 21764 ha from 25387 ha from 2000 to 2021. It 
was decreased by 3623. So agricultural area was decreased by 19.18%, deep forest 
area was decreased by 18.53% and water bodies were decreased by 14.27%. Built-
up area and light forest area were increased by 91.72% and 17.66%, respectively. So 
the rate of increasing built-up area was maximum and the rate of decreasing 
agricultural area was maximum.  

3.2 NDVI for 2000 and 2021 
Normalized Difference Vegetation Index (NDVI) values were classified into six 
categories i.e. -0.229 to 0.015, 0.015 to 0.140, 0.140 to 0.180, 0.180 to 0.270, 0.270 
to 0.360 and 0.360 to 0.930 showed in figure 5.  NDVI values -1 to 0 represents 
water, snow, clouds, 0 to 0.2 represents barren land, built-up area and rocks and 0.2 
to 1 represents vegetation [44].  The map showed that NDVI value increased slightly 
over the study period.  

 
 

 

Figure 5. NDVI map of 2000 and 2021 in Gazipur district, Bangladesh. 
Most of the areas having negative NDVI values in 2000 were converted into the areas 
having NDVI values above 0 in 2021. It referred that water bodies were decreased. 
In LULC analysis above, it was mentioned that water bodies were decreased by 3538 
ha from 2000 to 2021 and it was 15.35% in 2000 and 13.21% in 2021. The maps 
showed that water bodies and deep forest area were decreased but light forest area 
and agricultural land were increased. 
Among the minimum values of NDVI in all the Upazilas, Kaliakair had the lowest 
value i.e. -0.229 and Kaliganj had the highest value i.e. -0.185 in 2000 (Table 3). And 
maximum values were about same in all the Upazilas of the district. Mean NDVI was 
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3.2 NDVI for 2000 and 2021 
Normalized Difference Vegetation Index (NDVI) values were classified into six 
categories i.e. -0.229 to 0.015, 0.015 to 0.140, 0.140 to 0.180, 0.180 to 0.270, 0.270 
to 0.360 and 0.360 to 0.930 showed in figure 5.  NDVI values -1 to 0 represents 
water, snow, clouds, 0 to 0.2 represents barren land, built-up area and rocks and 0.2 
to 1 represents vegetation [44].  The map showed that NDVI value increased slightly 
over the study period.  

 
 

 

Figure 5. NDVI map of 2000 and 2021 in Gazipur district, Bangladesh. 
Most of the areas having negative NDVI values in 2000 were converted into the areas 
having NDVI values above 0 in 2021. It referred that water bodies were decreased. 
In LULC analysis above, it was mentioned that water bodies were decreased by 3538 
ha from 2000 to 2021 and it was 15.35% in 2000 and 13.21% in 2021. The maps 
showed that water bodies and deep forest area were decreased but light forest area 
and agricultural land were increased. 
Among the minimum values of NDVI in all the Upazilas, Kaliakair had the lowest 
value i.e. -0.229 and Kaliganj had the highest value i.e. -0.185 in 2000 (Table 3). And 
maximum values were about same in all the Upazilas of the district. Mean NDVI was 
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found maximum in Sreepur and minimum in Kaliganj, i.e. 0.431 and 0.363, 
respectively, in 2000.  
Table 3. Normalized Difference Vegetation Index (NDVI) in Gazipur district of 
Bangladesh between 2000 and 2021. 

Upazila 

NDVI-2000 NDVI-2021 

MIN 
MA
X 

MEA
N STD MIN 

MA
X 

MEA
N STD 

Gazipur 
Sadar 

-
0.224 

0.66
9 0.366 

0.12
1 

-
0.057 

0.80
0 0.506 

0.12
5 

Kaliakair 
-

0.229 
0.66

5 0.374 
0.13

7 
-

0.148 
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2 0.534 
0.13
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Kaliganj 
-
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4 
-
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1 0.537 
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4 

Kapasia 
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5 
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0.010 
0.79

9 0.571 
0.08

8 

Sreepur 
-

0.223 
0.66

6 0.431 
0.10

3 
-

0.166 
0.79

3 0.576 
0.09

0 
 

In 2021, minimum values of NDVI were decreased but maximum and mean values 
of all Upazilas were increased. Among the minimum values, lowest NDVI value was 
-0.148 and highest value was -0.010 in 2021. Maximum NDVI values were about 
same in all areas i.e. tends to 0.800. Highest mean value was found in Sreepur that 
was 0.576 and lowest mean value was found in Gazipur Sadar that was 0.506 in 2021. 
Standard deviation was found maximum in Kaliakair and minimum in Kapasia i.e 
0.138 and 0.088 respectively in 2021.  
Figure 6 showed the trend line of NDVI values from 2000 to 2021. Each year 
represented average NDVI value of all months of that year. In 2000, NDVI value was 
near to 0.350. But in 2001, it decreased to near 0.310. Than up to 2006, average NDVI 
increased to about 0.390 uniformly. Again from 2007 to 2009, average NDVI value 
decreased. It was drastically increased from 2010 to 2013 but declined to trendline in 
2014 and continued up to 2019. From 2019 to 2021, NDVI values were slightly 
decreased. But overall increasing was reached to 0.576. 
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district, Bangladesh from 2000 to 2021. 
Although there were ups and downs in NDVI values year after year, average NDVI 
values were increased day by day. Five years i.e. 2009, 2010, 2011, 2012, 2013 were 
derailed from the trend line that was slightly decreased followed by drastically 
increased. 
Similar to this study, Tucker et al. [45]; [15], Nath [17], Babalola and Akinsanola 
[42] also conduced the NDVI analysis and found that NDVI increased by 9% from 
1982 to 1991, decreased by 5% from 1991 to 1992, and increased by 8% from 1992 
to 1999 at 45°N to 75°N; NDVI values declined due to reduced vegetation area from 
70.043% to 10.127% at Nigeria from 1984 to 2013; forest cover decreased by 15.47% 
from 1989 to 2010 due to different natural and manmade causes in Bandarban Hill 
Tracts, Bangladesh; deep vegetation area expanded from 0.086 km2 to 7.56 km2 

(21.8% increased) from 1995 to 2000, medium vegetation area expanded from 7.8 
km2 to a17.31 km2 (27% increased) from 1995 to 2000, sparse vegetation expanded 
from 20.24 km2 to 26.06 km2 (16.9% increased) from 2015 to 2020, respectively. And 
most of the deep and medium vegetation areas were converted to scattered vegetation 
area, respectively [15].  
3.3 LST for 2000 and 2021 
Average Land Surface Temperature (LST) of Gazipur district, Bangladesh for 2000 
and 2021 were showed in the figure 7. Areas of Gazipur district were classified into 
5 temperature zones. Those were 21.37-22.92°C, 22.93-24.36°C, 24.37-25.69°C, 
25.70-27.17°C and 27.18-28.95°C for 2000 and 22.31-22.92°C, 22.93-24.36°C, 
24.37-25.69°C, 25.70-27.17°C, 27.18-28.95°C for 2021. Average lowest temperature 
was 21.37°C in 2000 and it was increased to 22.31°C in 2021. That is, the average 
minimum temperature of these 21 years had increased by about 1°C.  
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was found in Kapasia i.e 21.37°C and highest average minimum temperature was 
found in Kaliganj that was 21.78°C.  
Table 4. Land Surface Temperature (LST) in Gazipur district of Bangladesh 
between 2000 and 2021. 

Upazila 

LST (°C)-2000 LST(°C)-2021 

MIN MAX MEAN STD MIN MAX MEAN STD 
Gazipur 
Sadar 21.42 29.96 23.58 0.75 22.68 32.87 24.67 0.95 
Kaliakair 21.61 28.05 23.16 0.53 22.96 31.47 24.40 0.65 
Kaliganj 21.78 28.93 23.18 0.47 22.31 29.93 24.04 0.47 
Kapasia 21.37 27.23 22.96 0.40 22.47 28.58 23.81 0.34 
Sreepur 21.62 27.25 23.20 0.45 22.60 31.06 24.25 0.65 

 

Among all the maximum LSTs, the lowest value was found in Gazipur sadar 29.96°C 
and the highest values were in Kapasia 27.23°C in 2000. Mean LST were found 
minimum in Kapasia 22.96°C and maximum in Gazipur sadar 23.58°C in 2000. The 
lowest standard deviation of LST was found in Kapasia i.e. 0.40°C and the highest 
value was found in Gazipur sadar i.e. 0.75°C. In 2021, LST was increased in all areas 
of the district. Minimum LST were increased by 1.26°C in Gazipur sadar, 1.35°C in 
Kaliakair, 0.53°C in Kaliganj, 1.1°C in Kapasia and 0.98°C in Sreepur. Maximum 
LST were increased by 2.91°C in Gazipur sadar, 3.42°C in Kaliakair, 1°C in 
Kaliganj, 1.35°C in Kapasia and 3.81°C in Sreepur from 2000 to 2021. Mean LST 
were increased by 1.09°C in Gazipur sadar, 1.24°C in Kaliakair, 0.84°C in Kaliganj, 
0.85°C in Kapasia and 1.05°C in Sreepur from 2000 to 2021.  
Gradually increasing the LST in the study area from 2000 to 2021 was showed in the 
trend line (Figure 8). The each point above the years in the trend line indicated the 
average LST of related year below the point.  
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Figure 7. Land Surface Temperature (LST) in Gazipur district in Bangladesh 
between 2000 and 2021. 
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was found in Kapasia i.e 21.37°C and highest average minimum temperature was 
found in Kaliganj that was 21.78°C.  
Table 4. Land Surface Temperature (LST) in Gazipur district of Bangladesh 
between 2000 and 2021. 

Upazila 

LST (°C)-2000 LST(°C)-2021 

MIN MAX MEAN STD MIN MAX MEAN STD 
Gazipur 
Sadar 21.42 29.96 23.58 0.75 22.68 32.87 24.67 0.95 
Kaliakair 21.61 28.05 23.16 0.53 22.96 31.47 24.40 0.65 
Kaliganj 21.78 28.93 23.18 0.47 22.31 29.93 24.04 0.47 
Kapasia 21.37 27.23 22.96 0.40 22.47 28.58 23.81 0.34 
Sreepur 21.62 27.25 23.20 0.45 22.60 31.06 24.25 0.65 

 

Among all the maximum LSTs, the lowest value was found in Gazipur sadar 29.96°C 
and the highest values were in Kapasia 27.23°C in 2000. Mean LST were found 
minimum in Kapasia 22.96°C and maximum in Gazipur sadar 23.58°C in 2000. The 
lowest standard deviation of LST was found in Kapasia i.e. 0.40°C and the highest 
value was found in Gazipur sadar i.e. 0.75°C. In 2021, LST was increased in all areas 
of the district. Minimum LST were increased by 1.26°C in Gazipur sadar, 1.35°C in 
Kaliakair, 0.53°C in Kaliganj, 1.1°C in Kapasia and 0.98°C in Sreepur. Maximum 
LST were increased by 2.91°C in Gazipur sadar, 3.42°C in Kaliakair, 1°C in 
Kaliganj, 1.35°C in Kapasia and 3.81°C in Sreepur from 2000 to 2021. Mean LST 
were increased by 1.09°C in Gazipur sadar, 1.24°C in Kaliakair, 0.84°C in Kaliganj, 
0.85°C in Kapasia and 1.05°C in Sreepur from 2000 to 2021.  
Gradually increasing the LST in the study area from 2000 to 2021 was showed in the 
trend line (Figure 8). The each point above the years in the trend line indicated the 
average LST of related year below the point.  

 
Figure 8. Average Land Surface Temperature (LST) in Gazipur district of 
Bangladesh from 2000 to 2021. 
Trend line started from around 23°C in 2000 and it increased to 24°C in 2021. LST 
was around 21°C in 2000 and it increased largely after five years. But it was slightly 
decreased in 2006. After successive two years, i.e. 2007 to 2008, LST was increased. 
From 2009 to 2013, LST decreased slightly. Again LST was increased up to 25°C in 
2014 and 2015. Although LST decreased in 2017, 2018 and 2020, the values were 
remained close to the trend line. It reached to 24°C in 2021. Overall, the LST 
increased throughout the study period in Gazipur district. 
The pattern of increasing the LST is similar to some studies following. LST was 
increased by 0.62°C from 2001 to 2020 in Bogura, Bangladesh [19]. In Dudpukuria-
Dhopachari Wildlife Sanctuary, Bangladesh, LST was increased by 7.7°C from 1990 
to 2020 [20]. Winter and summer LSTs were increased by 0.15°C and 0.24°C per 
year from 1993 to 2020 in Chattogram City, Bangladesh [12]. LST was increased by 
0.24°C per year from 1993 to 2020 in Dhaka City, Bangladesh [14] and LST was 
increased by 0.28°C per year from 1995 to 2015 in Beijing, China [46]. 
3.4 Rapid urbanization accelerates the LST  
The figure 9 reveals a strong relationship between built-up area changes and 
temperature increases in different places of Gazipur district. The Upazila with ample 
urban expansion, such as Sreepur (295%) and Kaliakair (176%), showed the highest 
rises in maximum LST, 3.8°C and 3.4°C, respectively. This finding suggested that 
rapid urbanization is contributing to a local increase in temperatures, likely due to the 
urban heat island effect. On the other hand, Upazila like Kaliganj and Kapasia, where 
built-up areas declined, show minimal temperature changes.  
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Figure 9. Relationship with the built-up area changes and the land surface 
temperature changes in different Upazila of Gazipur district of Bangladesh. 

 
The correlation values further support the positive relationship between the built-up 
and temperature, with a moderate correlation of 0.72 between built-up area and mean 
temperature, and a very strong correlation of 0.98 between built-up area and 
maximum temperature. These findings of our study highlight the significant impact 
of urban sprawl on temperature extremes, emphasizing the importance of 
incorporating climate considerations into urban and city planning, particularly the 
growing city to mitigate the rising heat levels in fast-developing regions like Gazipur 
in Bangladesh.  
4. Conclusion 
The trend of urbanization is increasing rapidly in many sub-urban areas of 
Bangladesh. To understand this changing trend, the present study identified the 
changes in Land Use and Land Cover (LULC), Normalized Difference Vegetation 
Index (NDVI) and Land Surface Temperature (LST) in Gazipur District. Five major 
LULC classes were identified, where deep forest area was decreased by 7218 ha, 
water bodies were decreased by 3584 ha and agricultural land was decreased by 7395 
ha from 2000 to 2021. And light forest area and built-up area increased by 11809 ha 
and 6352 ha, respectively, from 2000 to 2021. The 2001-2008 and 2011-2021 were 
the distinct periods of increasing the NDVI values but in the years of 2009, 2010 and 
2020, it was decreased slightly. Overall, average NDVI was increased from 0.350 to 
0.576 during the study period from 2000 to 2021. Average minimum LST, average 
maximum LST and average mean LST were increased by 1.044°C, 2.498°C, and 
1.014°C from 2000 to 2021. And most of the lower LST belonging areas were 
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ha from 2000 to 2021. And light forest area and built-up area increased by 11809 ha 
and 6352 ha, respectively, from 2000 to 2021. The 2001-2008 and 2011-2021 were 
the distinct periods of increasing the NDVI values but in the years of 2009, 2010 and 
2020, it was decreased slightly. Overall, average NDVI was increased from 0.350 to 
0.576 during the study period from 2000 to 2021. Average minimum LST, average 
maximum LST and average mean LST were increased by 1.044°C, 2.498°C, and 
1.014°C from 2000 to 2021. And most of the lower LST belonging areas were 

converted to higher LST zones making the land surface more impervious. Finally, it 
is commented that urbanization in Gazipur district changed the LULC from 
environmentally friendly to environmentally degraded state. It also increased the LST 
in the most parts of the Gazipur district. The novelty of this study is an understanding 
that within 2000 and 2021, Gazipur district lost deep forest, water bodies and 
agricultural land. The study underscores the significant relationship between rising 
urban temperatures and rapid urban expansion, driven by the conversion of natural 
land cover such as water bodies, agricultural land, and forests. The finding also 
highlight that newly urbanized areas are particularly vulnerable to temperature 
increases, exacerbating the urban heat island effect. Based on the findings, the study 
emphasizes the importance of incorporating climate considerations into urban and 
city planning, particularly in rapidly growing cities like Gazipur in Bangladesh. By 
prioritizing sustainable development practices and preserving green spaces, city 
planners can help mitigate the adverse thermal impacts of urbanization and promote 
a more resilient urban environment. The results proved the hypothesis of this study. 
The findings of the study will be useful to the environmental practitioners of 
Bangladesh.     
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converted to higher LST zones making the land surface more impervious. Finally, it 
is commented that urbanization in Gazipur district changed the LULC from 
environmentally friendly to environmentally degraded state. It also increased the LST 
in the most parts of the Gazipur district. The novelty of this study is an understanding 
that within 2000 and 2021, Gazipur district lost deep forest, water bodies and 
agricultural land. The study underscores the significant relationship between rising 
urban temperatures and rapid urban expansion, driven by the conversion of natural 
land cover such as water bodies, agricultural land, and forests. The finding also 
highlight that newly urbanized areas are particularly vulnerable to temperature 
increases, exacerbating the urban heat island effect. Based on the findings, the study 
emphasizes the importance of incorporating climate considerations into urban and 
city planning, particularly in rapidly growing cities like Gazipur in Bangladesh. By 
prioritizing sustainable development practices and preserving green spaces, city 
planners can help mitigate the adverse thermal impacts of urbanization and promote 
a more resilient urban environment. The results proved the hypothesis of this study. 
The findings of the study will be useful to the environmental practitioners of 
Bangladesh.     
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